Introduction
Among whites, a large, population-based study has shown evidence of an association and genetic linkage of the angiotensin converting enzyme (ACE) locus with hypertension and with diastolic blood pressure in men but not women (1) . Moreover, in sex-specific analyses of young white males, genetic variation in the region of the ACE gene significantly influenced inter-individual blood pressure variation in males (2, 3) . In an analysis of the elderly it was reported that the DD genotypes at the ACE locus were less common in elderly hypertensive Caucasian patients than in age-matched controls (4) . However, it has also been reported that the insertion/ deletion (I/D) polymorphism of the ACE gene was not a marker for isolated systolic hypertension and systolic-diastolic hypertension in a large elderly sample (5) . Among Japanese, the ACE gene polymorphism has been reported to be associated with an increased risk of hypertension, suggesting that this polymorphism is a mild but definite genetic risk factor for essential hypertension in men (6) . Another cohort population study reported that there is a tendency for higher diastolic blood pressure in men with DD genotypes; however, there is no convincing evidence that ACE genotypes are associated with hypertension among Japanese (7) .
In a meta-analysis of 23 case-control studies, neither hypertension nor a family history of hypertension was significantly associated with the D allele (8) . Clearly, the association between ACE I/D polymorphism and systemic hypertension remains controversial.
The purpose of this study was to elucidate the relationship between ACE genotypes and blood pressure, including changes in blood pressure and a sex-specific association, in Japanese residents in a rural community.
Methods

Study Population
Of 2,892 local residents who underwent a mass medical examination in 1999 at Shigaraki, a mountain farming community with a population of about 15,000, a total of 2,395 subjects consisting of 917 men (mean age, 58.0 15.7) and 1,478 women (mean age, 56.3 15.6) were enrolled in this genetic study after providing their full informed consent (9) . Of these, 227 were excluded because their genotype was not determined (80 men, 147 women). After this exclusion, 2,168 subjects (819 men: mean age, 58.4 15.5); 1,349 women: mean age, 56.2 15.7) in whom genotyping of the ACE I/D polymorphism was successful were eligible for the present study. The participants ranged in age from 30 to 79 years, and represented approximately 19.6% of the population of Shigaraki. A disproportionately small number of young men were enrolled in the study, probably because most young men in the community received routine health examinations at their place of work. However, half of the subjects over 50 years old participated in this study. The basic sampling of the population started in 1991 with a cohortbased study, and 100 questions about lifestyle were also surveyed. The study protocol was approved by the Institutional Review Board of the Shiga University of Medical Science (No. [11] [12] [13] [14] [15] 1999 ).
Blood Pressure Measurement
In 1991 and eight years later in 1999, systolic (sBP) and diastolic blood pressure (dBP) were measured twice on the right arm using a standard sphygmomanometer with the subjects seated following a rest of at least 5 min. Korotkov's first and fourth points were regarded as the sBP and dBP, respectively, and the blood pressure was measured by a welltrained nurse. The mean of the two measurements of each pressure was used for data analysis. In this study, subjects with a sBP 140 mmHg or a dBP 90 mmHg or who were using antihypertensive agents were defined as hypertensives. ∆ blood pressure was defined as the difference between the blood pressures in 1991 and 1999, and %blood pressure as the ∆ blood pressure divided by the blood pressure in 1999.
DNA Studies
DNA was isolated from peripheral leukocytes and the ACE genotype was determined as in our previous report (10) . The sense primer was 5 -CTGGAGACCACTCCCATCCTTTCT-3 , and the antisense primer was 5 -GATGTGGCCATCACA TTCGTCAGAT-3 . These primers allowed the detection of a 490-base pair (bp) genomic DNA segment corresponding to the insertion allele (I) as well as a 190-bp segment corresponding to the deletion allele (D). The amplification profile consisted of an initial denaturation at 94ºC for 60 s, followed by 35 cycles of denaturation at 94ºC for 60 s, annealing at 58ºC for 60 s, and extension at 74ºC for 120 s. The polymerase chain reaction (PCR) products were resolved in 1.5% agarose gels and visualized with ethidium bromide staining. The DD genotype of the ACE gene was reconfirmed by a second PCR using Taq extender (Stratagene, La Jolla, USA).
Statistical Analyses
Statistical analyses were performed using Stat View 4 software (Abacus Concepts Inc., Berkeley, USA). The frequency was compared by a contingency table analysis. Numerical data were analyzed by unpaired Student's t-test or one-way analysis of variance (ANOVA). Multiple regression analysis was performed to investigate the possible influence of the ACE genotype on blood pressure, with gender, age, body mass index (BMI), hypertension (negative 0, positive 1), and the genotype of the ACE gene (II 0, ID DD 1) included as independent variables. Backward selection was used and a p value of 0.10 or greater was required for a vari-able to be removed. To examine the independent contribution of ACE gene polymorphisms on hypertension, while adjusting for the effects of other clinical characteristics, we used a logistic analysis. For hypertension, a baseline logistic model was developed by applying a backward stepwise selection with the following factors as covariates: gender (female 0, male 1), BMI, family history of hypertension (negative 0, positive 1), and polymorphism of the ACE gene (II 0, ID DD 1). Backward selection was used, and a p value of 0.10 or greater was required for a variable to be removed from the model. Table 1 shows the characteristics of the study population.
Results
The frequency of the ACE I/D polymorphism was not significantly different from that in our previous report (10) . No significant differences were observed among the II, ID, and DD groups with respect to male/female ratio, age, BMI, blood pressure, pulse pressure, hyperlipidemia, frequency of smoking habits, family history of hypertension, presence of hypertension, or diabetes mellitus (DM). Logistic analysis revealed that age ( p 0.001; odds ratio 1.091), BMI ( p 0.001; odds ratio 1.211), and family history of hypertension ( p 0.001; odds ratio 0.371) were associated with hypertension. Table 2 shows the characteristics of the subjects not receiving antihypertensive therapy. We again analyzed these 1,730 subjects. The results for these subjects were similar to those reported in our previous study. No significant differences in blood pressure were observed among Tables 3 and 4 show the characteristics of the subjects by gender. Male subjects with ACE DD genotypes and female subjects with ACE II genotypes were more likely to be smokers than the male or female subjects with other genotypes. However, no significant differences in blood pressure were observed among the II, ID, and DD groups. Moreover, we analyzed subjects not receiving hypertensive treatment as well as subjects younger than 60 years. No significant differences were observed among the II, ID, and DD groups with respect to male/female ratio, age, BMI, blood pressure, pulse pressure, hyperlipidemia, frequency of smoking habit, family history of hypertension, or presence of DM (data not shown). Similarly, when subjects were divided by gender there were also no significant differences between males or females across the three genotypes with regard to age, BMI, blood pressure, pulse pressure, hyperlipidemia, frequency of smoking habits, family history of hypertension or presence of DM (data not shown). Table 5 shows the characteristics of the subjects followed up since 1991. No significant differences were observed among the II, ID, and DD groups with respect to male/female ratio, age, difference or change in blood pressure, or BMI. Table 6 shows the characteristics of the subjects followed up since 1991 according to gender. There were no differences or changes in blood pressure or BMI by ACE polymorphism. We also analyzed subjects younger than 60 years, and found no differences or changes in blood pressure or BMI by ACE polymorphism (data not shown). Only age ( p 0.0001) and %BMI ( p 0.0001) were strongly associated with change in blood pressure over 8 years, there were no associations between ACE polymorphism and either blood pressure or change in blood pressure.
Discussion
There were no differences or changes in blood pressure in relation to ACE I/D polymorphism in our study. However, recent reports have suggested that an ACE I/D polymorphism is associated with age-related essential hypertension (2, 5, 9, 11) . Moreover, some studies have recently suggested that there is a sex-specific association between this gene and hypertension. That is, a male-specific association was seen between the ACE I/D polymorphism and hypertension (1-3, 6, 12) . However, another case-control study found no significant association between ACE I/D polymorphism and hypertension irrespective of whether men and women were analyzed separately or together (13) . Further, these results did not change appreciably when the gender groups were subdivided according to more stringent criteria. These discrepancies are difficult to explain. Because hypertension is a multifactorial disease, one possible explanation is that its expression is mediated by ACE, as well as angiotensinogen and other factors related to the renin-angiotensin system. There is some controversy regarding the association of the ACE locus with blood pressure and hypertension. It was reported in one study that approximately 10 gene loci are responsible for hypertension (14) . It is possible that the polymorphism of the ACE gene has only a small effect on hypertension, and that this effect is masked by differences in genetic background or environmental factors, including lifestyle, which would affect the various gene loci. Moreover, in our analysis of elderly hypertensives, we found no significant association between ACE I/D polymorphism and hypertension. However, other reports have shown that genetic variation at the ACE locus may be associated with some determinants for blood pressure in the elderly (5, 11) . These discrepant results may suggest that there is actually very little or no association between the ACE I/D genotypes and hy- 
